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ABSTRACT
Objective: In vitro, the culture media in which human dental pulp stem cells (hDPSCs) are grown are supplemented with specific growth factors that 
induce cell cycle entry and differentiation. Lysate platelet-rich fibrin (L-PRF) is a unique and stable growth factor supplement produced from platelets 
lysed by freezing-thawing. In this study, we aimed to analyze the potential effects of L-PRF on hDPSC differentiation.
Methods: We divided hDPSCs isolated from human third molars at the second passage into five culture media groups treated with 1%, 5%, 10%, 
and 25% L-PRF or 10% fetal bovine serum (control). After 7 days, we evaluated hDPSC differentiation using an enzyme-linked immunosorbent assay 
specific for dentin sialophosphoprotein and Alizarin-Red staining.
Results: None of our analyses revealed any significant differences between the L-PRF- and control-treated cells.
Conclusion: L-PRF could potentially induce the differentiation of hDPSCs in vitro.
Keywords: Lysate platelet-rich fibrin, Differentiation, Human dental pulp stem cells, Dentin sialophosphoprotein.
INTRODUCTION
Regenerative endodontic procedures (REPs) comprise a type of 
bioengineering therapies that aim to restore the physiological 
functions of the dental pulp [1]. This alternative dental bioengineering 
approach consists of three classic elements, namely, dental stem cells, 
signal molecules, and scaffolds, and two new elements, namely, stem 
cell niches and survival/trophic factors [1]. The isolation of highly 
proliferative pulp cell subpopulations with multilineage (including 
odontoblast) differentiation capacities has elucidated the complex 
mechanisms underlying the healing capacity of the dental pulp [2]. 
Dental stem cells and their daughter cells grow and differentiate 
in response to growth factors released by the surrounding tooth 
microenvironment and dental stem cell niches. During REP therapies, 
the triad aims to reconstruct these microenvironments [1]. For 
example, growth factors (TGF-β1, BMP-7, FGF-2, IGF-1 and IGF-2, 
NGF, and GDNF), extracellular matrix molecules (dentin sialoprotein 
[DSP], dentin phosphoprotein [DPP], BSP, DMP-1, and dentin 
sialophosphoprotein [DSPP]), and both anti- and pro-inflammatory 
chemokines and cytokines (TNF-α, IL-1, IL-6, and IL-10) are 
some dentin-derived signal molecules [1,3] that regulate cell–cell 
interactions and cell proliferation and differentiation during tooth 
development [1]. Moreover, scaffolds are biocompatible structures 
that support cell growth and provide a suitable environment for 
tissue formation. A good scaffold should enable cell attachment, 
proliferation, migration, and differentiation and provide mechanical 
support for extracellular matrix generation [4].
of 7–14 h [4]. A modification of the preparation settings based on a 
previously identified low-speed centrifugation concept represented an 
initial step in the reduction of the applied relative centrifugation force, 
which was accompanied by a mild increase in the centrifugation time 
and resulted in a so-called advanced PRF [5]. In contrast, lysate platelet-
rich fibrin (L-PRF) was then prepared by subjecting peripheral blood to 
platelet lysis through different freezing-thawing cycles and collecting 
the released growth factors [7].
According to Niwa et al., the expression of DSPP mRNA increases 
with the presence of TGFβ on day 7 [8]. Cell proliferation will slow 
and stop while the increase in TGFβ expression on day 7 and cell 
differentiation can begin. This observation was confirmed by Saeed 
et al. who evaluated the differentiation of human dental pulp stem 
cells (hDPSCs) in response to several concentrations of PRF exudate 
(1%, 5%, 10%, and 20%) in on day 7 and found that 1% PRF exudate 
exhibited the strongest osteodifferentiation ability through Alizarin-
Red staining and calcium deposit analyses [4]. In another study, 
Abuarqoub et al. supplemented odontogenic differentiation media 
with different concentrations of lysate platelets derived from PRP and 
evaluated hDPSCs and SCAP on days 1, 9, 15, and 21 using an enzyme-
linked immunosorbent assay (ELISA); here, a 5% PRP concentration 
was identified as superior according to the DSPP level on day 15 and the 
differentiation pattern on day 21 [7]. One can conclude that, although 
the concentration of platelet concentrate in culture can influence cell 
differentiation, a higher concentration does not always result in better 
differentiation.
METHODS
This study was approved by the Ethics Committee of the Faculty 
of Dentistry, Universitas Indonesia (no. 35/ethical approval/
FKGUI/V/2018, no. protocol: 090250218). Six-third molars were 
collected from healthy human donors aged 19–35 years with no history 
of alcohol consumption or smoking at the oral surgery department, 
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In 2000, Choukroun et al. developed a second-generation platelet 
concentrate that did not utilize anticoagulation factors [5]. This 
novel platelet concentrate could be harvested from the upper layers 
of centrifugation tubes after a single 12-min centrifugation cycle at 
2700 rpm (750 g) [6]. This concentrate was shown to release growth 
factors slowly over a prolonged period of 7–14 days and is thus 
superior to PRP, which releases growth factors rapidly over a period 
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Faculty of Dentistry, Universitas Indonesia. The teeth were transferred to 
the cell culture laboratory, where stem cells were isolated from the pulp 
tissues. Briefly, each tooth was cut around the cementoenamel junction, 
after which the pulp tissue was gently removed from the chambers, 
sliced into 0.5–1.0 mm sections, and diluted in an enzyme solution that 
consisted of 3.0  mg/mL collagenase Type I and 4.0 mg/mL dispase 
(Sigma-Aldrich, St. Louis, MO, USA) for 30–60 min at 37°C. The resulting 
mixture was cultured in 3 mL of Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS; HyClone), 
100 U/mL penicillin G (Roche, Basel, Switzerland), and 100 mg/mL 
streptomycin (Roche) and incubated in an atmosphere of 5% CO2 at 
37°C. Once the cell cultures reached 80% confluency, single cell clones 
were isolated by limiting dilution. In this study, all cells used in further 
experiments were of the second or third passage. At the second passage, 
hDPSCs were divided into five culture media groups: 1%, 5%, 10%, and 
25% L-PRF, and 10% FBS (control). Each group contained six biological 
replicates, and all cells were treated as indicated after 24 h of serum 
starvation according to a previously published method [9].
L-PRF was produced from 5-ml blood samples collected from volunteers 
with no history of smoking, alcohol consumption, or anticoagulant 
use. All participants provided signed informed consent. Briefly, the 
blood samples were collected into 5-ml vacuum blood collection tubes 
without anticoagulant and were immediately centrifuged at 2700 rpm 
for 12 min. A white clot comprises PRF formed in the middle of each 
tube between the plasma and RBC layers. The PRF clot was removed 
using a sterile forceps and incubated in an empty tube at 4°C for 
24 h to produce L-PRF according to the previously described method. 
Once the residual fibrin had attached to the bottoms of the tubes, the 
supernatant was aspirated, transferred to a 2-ml Eppendorf tube, and 
stored at −20°C. Subsequently, the supernatant was diluted in DMEM to 
concentrations of 1%, 5%, 10%, and 25% L-PRF.
Osteogenic differentiation media comprised nutritional media 
(DMEM-F12), 50 μg/ml of L-ascorbic acid 2-phosphate, 10 mM 
β-glycerophosphate sodium salt, 10 μM dexamethasone, and antibiotics 
(100 mg/ml streptomycin and 100 μ/ml penicillin G). For osteogenic 
differentiation, four wells per 6-well plate were used. A total of 105 cells 
were cultured in each well in complete media until the cells reached nearly 
70% confluence. After 24 h of serum starvation, the cells were maintained 
in osteogenic differentiation media containing different concentrations of 
L-PRF. Mineralized nodule formation was detected and quantified after 7 
days by DSPP expression using ELISA reader and Alizarin-Red-based assay.
The results from each group and control were analyzed using the 
Kruskal–Wallis test and post hoc Mann–Whitney test with p=0.5.
RESULTS
We first used Alizarin-Red staining to investigate the mineralization 
potential of hDPSCs undergoing osteogenic differentiation. In all wells, 
Alizarin-Red staining clearly identified mineralized nodules. However, 
there were obvious differences in the amounts of mineralization among 
the different groups. Particularly, the mineralized nodules progressively 
increased with 1% L-PRF at the day 7 of culture in osteogenic medium 
(Fig. 1). The best pattern of differentiation was noted with 1% L-PRF, 
followed by 5%, 10% and 25% L-PRF.
DISCUSSION
Stem cells naturally secrete bioactive molecules that support tissue 
regeneration. These bioactive molecules, or secretomes, have biological 
functions in cell development, proliferation, differentiation, apoptosis, 
immune system modulation, adhesion, and angiogenesis. This is used 
in the cell free-based therapy approach so that stem cell transplants 
are not needed to root canals [10]. Stem cells can proliferate and 
differentiate in response to the growth factors released by the 
surrounding environment, such as the culture media supplements 
provided in vitro [1].
Different stem cell starvation and activation protocols are used in in vitro 
studies. Previously, researchers have induced hDPSC differentiation 
through serum starvation in culture media containing 1% FBS, and this 
process may occur for some period of time. On nutrient deprivation, cells 
typically exit the cell cycle and implement survival mechanisms based 
on the minimal usage of energy and other resources. This elimination 
of serum from the culture medium provides reproducible experimental 
conditions [11]. Although FBS is a universal growth supplement used in 
cell and tissue culture media, serious ethical concerns have been raised 
regarding the welfare of the donor fetuses and the potential for adverse 
contaminants, such as endotoxin, mycoplasma, viral contaminants, 
or prion proteins [4]. Therefore, this study aimed to investigate an 
alternative to FBS that would promote hDPSC differentiation in vitro 
and emphasize the potential use of L-PRF in this capacity.
In this study cell, we measured cell differentiation using Alizarin-Red 
staining and DSPP expression and determined that the mineralized 
deposits were most clearly formed in the culture containing 1% L-PRF, 
Fig. 1: Identification of mineralized deposits in cells grown in the osteogenic medium by Alizarin-Red S staining on day 7. Alizarin-Red S 
staining of human dental pulp stem cells as viewed using an inverted light microscope at ×10. (a) 10% Fetal bovine serum  
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consistent with the results of a previous study by Saeed et al., in which 
a 1% PRF exudate yielded the highest osteodifferentiation ability on 
day 7 [4]. Moreover, we showed that although the differences in DSPP 
expression between the different L-PRF concentrations were not 
significant, 1% L-PRF induced a higher level of DSPP expression than 
25% L-PRF. We attribute this result to the inflammatory mediators 
released by other immune cells present in PRF, which could potentially 
inhibit cell differentiation [12,13]. This mechanism would explain 
why a higher L-PRF concentration does not always provide superior 
induction of differentiation.
The results of the DSPP ELISA analysis were consistent with those of 
Alizarin-Red staining, which most clearly revealed red nodules with 1% 
L-PRF. DSPP is a biomineralization of predentin into a dentin-specific 
marker secreted by the odontoblast. DSPP consists of DSP, dentin 
glycoprotein, and DPP; the former supports the growth, migration, 
and odontogenic differentiation of pulp cells, while the latter plays 
a role in dentine mineralization by binding to collagen and initiating 
hydroxyapatite crystal formation [3,14]. Therefore, DSPP is an 
important non-collagen protein in dentine that cannot be found in other 
tissues and is thus a phenotypic marker of odontoblast activity [15,16]. 
Both our analyses led us to conclude that the highest odontogenic 
differentiation in vitro occurred in culture media supplemented with 
1% L-PRF. The four tested L-PRF supplement concentrations (1%, 5%, 
10%, and 25%) clearly induced the differentiation of hDPSCs in vitro. 
However, we did not observe a significant difference between these 
concentrations. These findings are in contrast to those of Asri et al., [17] 
who recently reported that the highest level of hDPSC proliferation 
was induced by 25% L-PRF. Therefore, in a cell-free therapy, the use of 
25% PRF lysate as a growth medium is recommended to support the 
proliferation and differentiation of hDPSCs.
CONCLUSION
Quantitatively, our ELISA analysis of the levels of DSPP produced by 
hDPSCs in response to different concentrations of L-PRF did not reveal 
any significant differences (Kruskal–Wallis test; Table 1). However, the 
graph in Fig. 2 demonstrates that the highest and lowest mean DSPP 
levels were observed at 1% and 25% L-PRF, respectively (0.912 and 
0.718, respectively).
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